
Am79R79 Ringing SLIC Device
Technical Overview

Application Note
The Am79R79 Ringing Subscriber Line Interface Circuit (SLIC) device is designed to provide direct
generation of the ringing voltage used in short loop applications such as Fiber-in-the-Loop, Radio-
in-the-Loop, hybrid fiber/coax, and video telephony, as well as the BORSHT functions of other AMD
SLIC devices. In meeting key ringing requirements of TR909, the power supply for ringing is reduced
to 70 V.
Am79R79 Ringing SLIC Device Features
The Am79R79 Ringing SLIC device has the necessary
circuitry to generate the ringing voltage for short loop
applications. It also includes on-chip ring trip detection.
As with other AMD SLIC devices, the Am79R79 Ringing
SLIC device has programmable features such as cur-
rent feed, two-wire impedance, overhead, and loop de-
tect threshold. One of two battery voltages can be
selected. Typically, the most negative battery supply
(VBAT1) is used for ringing and other on-hook states, and
the other, less negative battery supply (VBAT2) is used
for off-hook states. To prevent excessive voltage from
appearing on the telephone line, the Am79R79 Ringing
SLIC device provides anti-saturation guards that are ad-
justable for each battery supply. Digital inputs provide
the ability to set the Am79R79 Ringing SLIC device into
the eight states of operation supported. The character-
istics of those states match other AMD SLIC devices,
except in the Ringing state.

On-Chip Ringing
A ringing generator must provide an adequate signal at
the linecard to have sufficient voltage across the tele-
phone handset to cause it to ring (typically 40 V root-
mean-square (rms)). The level of the required ringing
signal generated at the linecard will depend on the loop
resistance and the ringing load. The North American
ringing load requirement of five REN (ringer equivalent
number)—approximately 1400 Ω—is among the world’s
most stringent. This ringing load assures a sufficient
level for nearly all applications, since many international
specs require only three REN to be driven.

Traditionally, the central office (CO) has been required
to be able to drive five REN through 1500 Ω lines to
40 Vrms. This long line requires a ringing voltage of
about 90 Vrms at the linecard. An additional constraint
was multiparty ringing, which requires that –48 V and
the superimposed AC ringing signal be applied to tip or
ring for ringing and ring trip detection. The Am79R79
Ringing SLIC device takes advantage of the less strin-
gent requirements for short loop applications and uses
a new ringing technique to reduce the ringing supply
requirements to 70 V.
.

Table 1 shows the maximum loop resistance and ringing
voltage crest factor for LSSGR, DLC, and FITL. The
LSSGR maximum loop length of 1500 Ω requires a ring-
ing voltage in excess of 90 Vrms at the linecard to supply
the required 40 Vrms at the handset. With the 70 Ω max-
imum loop resistance for FITL, a lower ringing voltage
will suffice since the voltage drop in the line will be con-
siderably less. Assuming a 150 Ω series resistance total
in the linecard, 70 Ω in the line, and 1400 Ω of ringing
load, only about 46 Vrms is needed at the SLIC A and
B leads to get 40 Vrms at the telephone.

The crest factor (CF) of a waveform is the ratio of the
peak (pk) value to its root-mean-square value. Thus, a
waveform with a higher crest factor will require a higher
peak value to get the same rms value. A sine wave has
a crest factor of 1.414, while a square wave has a crest
factor of 1. A 1 Vpk square wave will have the same rms
value as a 1.414 Vpk sine wave. TR909 requires a ringing
voltage of 40 Vrms at the handset with a crest factor
between 1.2 and 1.6. To minimize the peak voltage re-
quired, and thus get the most out of the available sup-
plies, the Am79R79 Ringing SLIC device generates a
trapezoidal waveform that has a crest factor that can be
adjusted between 1.1 and 1.6. A crest factor of 1.25
would typically provide a crest factor within the require-
ments and provide some margin. For a 40 Vrms ringing
signal at the handset, a trapezoidal waveform with a crest
factor of 1.25 would require a ringing signal of 50 Vpk. If
it were sinusoidal, it would require over 56 Vpk. An ad-
vantage of the sinusoidal signal is that its harmonic con-
tent is limited. This is important when wires run in a
common bundle for a long distance and can couple into
each other due to the capacitance between pairs. How-
ever, for short loop applications, wire pairs run alongside
each other for a limited distance, so the greater harmonic
content of the trapezoidal waveform can be tolerated by
the inherently lower crosstalk of the short lines.

Most phone ringing is unbalanced where the ringing
voltage is applied to the ring lead, as shown in Figure 1a.
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Table 1. Crest Factor Requirements for Various Bellcore Specs 

Note:
1. Specified as 500 feet of 22 American Wire Gauge (AWG) at 65°C.

 

 Loop Resistance (Max) Ring Voltage Crest Factor (Spec)

CO (LSSGR) 1500 Ω 1.35–1.45

DLC (TR57) 900 Ω  1.2–1.6

FITL (TR909) 17 Ω1  1.2–1.6

a. Sinusoidal Unbalanced Ringing

b. Trapezoidal Balanced Ringing

Tip
0

 Ring
Battery

Ring lead

Battery

0

Figure 1. Unbalanced and Balanced Ringing
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Typical ringing requirements are for an AC signal of
greater than 86 Vrms superimposed on –48 V. This al-
lows the use of a single-ended ringing generator, which
allows for multiparty ringing. Since multiparty ringing is
not a requirement of short loop applications, the con-
straint of a single-ended ringing voltage applied to only
tip or ring does not apply. To get 45 Vrms at the linecard
with a 75 V battery is not possible with unbalanced ring-
ing. Even a 70 V peak-to-peak (pk-pk) square wave
would only result in 35 Vrms, and it has a crest factor
of 1, not the 1.2 minimum. With balanced ringing, a me-
tallic (differential) signal appears across A and B leads,
as shown in Figure 1b. It can generate a ringing voltage
with a peak value equal to the battery voltage, minus
the amplifier overhead of 5 V. With a typical 70 V battery,
minus the 5 V of overhead, the peak value of ringing
voltage is 65 V. With a crest factor of 1.25, the ringing
voltage at the SLIC A and B leads is 52 Vrms.

DC Offset During Ringing
Traditionally, DC offset between the tip and ring leads has
been necessary for ring trip detection. The reason for this
has been the AC vs. DC impedance seen from the CO in
on-hook and off-hook states. For example, for a LSSGR
line with 10 kΩ minimum line leakage, the on-hook and
off-hook AC and DC impedance is shown in Table 2.

Table 2.  On-Hook vs. Off-Hook Impedances, LSSGR

The AC impedance range overlaps on-hook vs. off-
hook, making it impossible to reliably detect ring trip
over all possible conditions. However, the DC on-hook/
off-hook impedance ratio is over five worst case, making
detection relatively easy. Table 3 shows the same data
for TR909.

Table 3. On-Hook vs. Off-Hook Impedances, TR909

Note:
1. This assumes a loop resistance of 70 Ω and not the actual

spec of 17 Ω, which gives extra margin to the spec.

While the DC on-hook/off-hook impedance ratio is over
20, the AC ratio is over 2. By setting an AC threshold to
about 900 Ω, there is a sufficient margin for reliable
detection. Since AC detection is possible, there is no
need for a DC offset for ring trip detection; therefore,
the ringing voltage does not require an offset between
the tip and ring leads. This allows the AC ringing voltage
to use the entire supply for the AC waveform.

Implementation

Central Office AC DC

On-hook 1.23 kΩ to infinity 10 kΩ to infinity

Off-hook 0 Ω to 1.93 kΩ 0 Ω to 1.93 kΩ

FITL/TR909 AC DC

On-hook 1.23 kΩ to infinity 10 kΩ to infinity

Off-hook 0 Ω to 500 Ω1 0 Ω to 500 Ω

RINGINRSLEW 150 kΩ

CSLEW

0.33 µF

RDCR 

Figure 2. Ringing Input
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Waveshaping Buffer
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RINGING FEED
The ringing feed circuitry generates a trapezoidal ring-
ing voltage from a square wave signal applied to the
RINGIN pin. This circuitry along with the external RC
network at RINGIN controls the crest factor of the ring-
ing signal.

The CMOS-compatible reference input, RINGIN, is
shown in Figure 2. The input to this must be a 50%
duty cycle square wave applied to the external resistor-
capacitor network made up of RSLEW and CSLEW, and
needs to go as close as possible to VCC and GND. The
VCC used to generate the square wave should be the
same used for the SLIC VCC to avoid offsets between the
SLIC internal reference and the signal. RSLEW and CSLEW

are selected to get the rate of change needed for a given
crest factor through the waveshaping circuitry. The
choice of resistor RDCR, which connects to pin RDCR,
determines the current to drive to the A and B amplifiers.
The current can be chosen for a desired peak value for
a given application. This is discussed in more detail in
the Ringing Circuitry section on page 5 and in the ap-
pendix. The maximum voltage on RDCR is ±3 V. The
characteristic is shown in Figure 3; this shows that there
is a peak current available, IRINGLIM, that will drive into a
short circuit, and into an open circuit the voltage will
increase to VBAT1 – 3 V.

CREST FACTOR
To calculate the appropriate values for an arbitrary crest
factor, it is necessary to discuss the input circuitry char-
acteristics. The transition region of the input is about
0.52 V. The equation for rate of change of voltage
across a capacitor with a constant current through it is

For the 0.52 ∆V that the input moves, it is an adequate
approximation to assume there is a constant current
in CSLEW. A CMOS-compatible input will go nearly to
the supplies, so the current through RSLEW will be about
2.5 V/RSLEW. Substituting the current through RSLEW, the
value of ∆V, and CSLEW instead of C into the above
equation yields the following result:

This represents the time spent in the Linear mode and
is the transition time of the ringing waveform. The trap-
ezoidal waveform can be considered a square wave
part that has a crest factor of 1 with two added triangular
sections (the leading and trailing transition times) hav-
ing a crest factor of 1.73. The total time of the triangular
portions will be twice the ∆t in the above equation. The
square wave time will be the period of the ringing wave-
form, minus the total time for the triangular portions.

To calculate the crest factor, the rms value of the ringing
waveform must be found. Since the peak value will ap-
pear in the numerator and denominator, and will cancel
out, the equation can be normalized to an amplitude of
unity to simplify the equation. The rms value of the over-
all waveform can be calculated by taking the rms value
of the segments that make up the trapezoidal waveform
and combining them. There is one triangular segment
making up the leading edge and another making up the
trailing edge, both of which have as their portion of the
overall waveform the time period equal to ∆t in the equa-
tion above, which is 0.214 • RSLEW • CSLEW. The triangular
segments have an rms value of 0.577. The other part
of the waveform is a square wave that has an rms value
of 1 and a period of the overall period, minus the amount
of time the triangular segments take up. The rms value
of the waveform can be found by taking the contribution
of the segments, and dividing by the total period (Per),
as illustrated by the following equation:

ILOOPRING

VBAT1 – 3 V
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Figure 3.  Ringing Feed
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IRINGLIM

Slope is RDCR1 RDCR2+

200
------------------------------------------------

∆t
C ∆V•

I
------------------=

∆t
CSLEW 0.52 V( )

2.5 V( ) RSLEW( )⁄
--------------------------------------------- 0.214 RSLEW• CSLEW•= =
Trapezoid rms
2 0.214 RSLEW CSLEW•••( ) 0.577 Per 2 0.214 RSLEW C•

SLEW
••( )–( ) 1•+•

Per
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------=
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The crest factor is the inverse of this, which can be
simplified as follows:

Rearranging to solve for RSLEWCSLEW for a given crest
factor yields the equation:

For a crest factor of 1.25 at a RINGIN frequency of
20 Hz, RSLEWCSLEW is 56.8 ms.

Figure 4 shows the ringing and DC Feed control loop
for the Am79R79 Ringing SLIC device. RSN is a virtual
ground. The current output at the A and B leads is 1000
times the current into the RSN pin, IRSN.

RINGING CIRCUITRY
In the Ringing state, VTX and RDC are inactive and
RDCR is active. Ignoring the contribution of the signal
VRX, since it is not applied during ringing, and keeping
in mind that the loop current is 1000 times IRSN,

The series resistance of the ringing feed, RS, is

The ringing feed needs a time constant between 15 µs
and 150 µs, which puts the pole between 1 kHz and
10 kHz. This will not interfere with the ringing signal,
but will attenuate higher frequencies. Also, if the time
constant of the ringing feed is too slow, it will increase
the crest factor since it will slow the ringing signal in
addition to the RSLEWCSLEW time constant. The time
constant in the Ringing state, τRING is the following:

RDCR1 + RDCR2 determines the total current available dur-
ing ringing. For this example, it is assumed that the
ringing load can be as low as 1.23 kΩ. To drive this to
40 Vrms requires 33 mArms, which is 41 mA peak,
assuming a crest factor of 1.25. RDCR will drive to a
maximum voltage of 3 V. If we assume a desired max-
imum drive of 100 mA, the maximum current into RSN
would have to be 100 µA. Therefore, RDCR1 + RDCR2 must
be at most 30 kΩ. Setting them equal, they would be
15 kΩ each. CDCR should be chosen for a time constant
of 15 µs–150 µs; a 2 nF to 20 nF cap will do.

The ringing signal drives the A and B leads alternately
positive and negative to the supply rails. When RINGIN
is high, A is closest to ground and B is near VBAT1; this
is the DC condition closest to normal polarity operation.
Thus, it is important to synchronize the shift from the
Ringing state to the normal Active state with the time
period that RINGIN is high to minimize any switching
transients that may occur, and to minimize glitches on
loop and ring trip detect when changing states.

RING TRIP
The ring trip threshold is defined as the resistance on
the loop which causes the detect output (DET) to pulse
low momentarily each ringing cycle. This will require
system level debouncing. Figure 5 shows the ring trip
and loop detect circuitry. The loop current is sensed and
scaled to |IA+IB|/300. This current is replicated twice, and
sent to both the RTRIP1 pin and the RD pin. The exter-
nal components on the RTRIP1 pin determine the ring
trip characteristics. RRT1 is an external resistor whose
function is to set the threshold for ring trip detection.
The 15 µA current source is provided to keep the
RTRIP1 pin slightly negative so that the RTRIP1 node
cannot inadvertently be positive when the Ringing state
is entered. This would lead to a momentary false ring
trip indication. The comparator for ring trip is referenced
to ground. RRT2 will have 0 V across it at that time, so it
is not a factor in setting the ring trip threshold. Therefore,
to select RRT1, use the following equation:

ILOOP is equal to VAB divided by the total resistance in the
loop. This resistance is made up of fuse resistors RF, the
series resistance of the Am79R79 Ringing SLIC device
RS, and the desired ring trip resistance RLRT. VAB for this
case is about VBAT1 – 3.5 V. Including the filtering of the
signal by taking into account the crest factor CF gives:

CF
Per

Per 0.176 RSLEW CSLEW••( )–
--------------------------------------------------------------------------------=

RSLEW CSLEW•( )
CF Per•( ) Per–

CF 0.176•
-----------------------------------------=

ILOOPRING
V RDCR( )

RDCR1 RDCR2+
---------------------------------------- 1000•=

RS

RDCR1 RDCR2+

200
----------------------------------------=

τRING

RDCR1 RDCR2•

RDCR1 RDCR2+
---------------------------------------- CDCR•=

ILOOP

300
------------------ 15 µA– 

  RRT1 VBAT1=•

RRT1 300 CF
VBAT1

Vbat 3.5– 15 µA 300 CF RLRT RS 2RF+ +( )•••( )–
----------------------------------------------------------------------------------------------------------------------------------------•• RLRT RS 2RF+ +( )•=
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RRT1 will always connect to VBAT1, since RRT1 is only con-
nected in the Ringing state. For a typical application,
VBAT1 is 70 V, RS is 150 Ω, RLRT is chosen for 900 Ω, CF
is 1.25, and RF is 40 Ω, giving a value for RRT1 of 503 kΩ.
This is rounded to 510 kΩ. RRT1 is switched on-chip to
conserve power. With a battery of 70 V, power dissipat-
ed in the resistor would be 11 mW.
6 Am79R79 Ringing
RRT2 and CRT provide filtering for ring trip and are select-
ed for a time constant of approximately 18 ms. RRT2

should be selected to keep the voltage on the RTRIP1
pin within ±3 V. The most likely problem would be to
select a large value of RRT2 and, during ringing, have
RRT1 pull down towards VBAT1. To use an example, if RRT2

were 50 kΩ, RRT1 450 kΩ, and VBAT1 70 V during ringing
with no ringing current, RTRIP1 would be –7 V, leading
to erratic operation. A value of 12 kΩ for RRT2 is a suitable
choice for nearly all applications.
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See Text
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Figure 4. Ringing and DC Feed
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DC FEED
During the Active state, RDCR is open circuited and
VTX and RDC are active. IRSN is the total of the current
flowing in RTX, the resistors RDC1 and RDC2, and RRX. The
longitudinal control loop senses VLONG, defined as:

,

and then compares it to VBATX/2 and adjusts the longi-
tudinal voltage to be VBATX/2. VBATX is the battery voltage
selected by the state or B2EN.

To find the DC bias, VRX is assumed to be zero so that
there is no contribution from the signal input. Also, for this
analysis, it is assumed that there is no metallic input sig-
nal from the line, and therefore VTX will be zero. DC loop
current will be determined by the voltage on RDC and by
the resistance connected from RDC to RSN, which is
RDC1 plus RDC2. The current into RSN is as follows:

Assuming that VAB stays out of the anti-sat region, RDC
is a fixed reference of 2.5 V. Since ILOOP = 1000 • IRSN,

For a typical loop current of 25 mA, RDC1 + RDC2 would be
100 kΩ. The capacitor CDC is set for a DC loop time con-
stant with RDC1 and RDC2 of 16 ms to 30 ms. The DC loop
time constant, τDC, is defined by the following equation:

Equal values of RDC1 and RDC2 will result in the smallest
CDC. Using the above equation, RDC2 = RDC1 = 50 kΩ
and CDC = 0.82 µF, results in a time constant of 20 ms.
The tolerance on this time constant is not critical; ±30%
is adequate.

LOOP DETECT
Loop detect in the Active, OHT, and Standby states is
determined by the external resistor connected to pin
RD, RD. For Active and OHT states, the loop detect
status is determined by the total loop resistance. As
shown in Figure 5, a current proportional to the loop
current flows into the RD resistor, and establishes a cor-
responding voltage into the loop detect comparator. In
the Active and OHT states, the comparator’s reference
voltage, REF, is dependent upon VAB divided by a ref-
erence voltage determined by the battery selected by
B2EN, called BREF in the equations following. Since
loop resistance is defined by tip/ring voltage divided by
loop current, the result is a threshold comparison of loop
resistance. For the Standby state, the comparator’s ref-
erence, REF, is a constant voltage and the comparator
detects at a current threshold established by the RD resis-
tor only. Since the Standby state feed is resistive, the loop
current then becomes a function of battery voltage as well

as loop resistance. The Standby state loop detect status
is therefore also dependent upon the battery voltage.

In the Active and OHT states, the comparator for the
loop detect has a reference determined by VAB divided
by BREF. This leads to the following equation:

ILOOP is VAB divided by the total resistance on the loop. This
resistance is made up of the fuse resistors RF, line series
resistance RSL, and desired loop resistance for loop detect
threshold RLTH, which results in the following equation:

A simplified version of this equation, grouping con-
stants, is as follows:

In terms of RLTH, the equation for Active and OHT loop
detect for VBAT1 and VBAT2 is: 

Table 4 shows the value of SCALE for the two batter-
ies. Using 100 Ω for RSL, 100 Ω for 2RF, plus a desired
loop detection resistance RLTH of 5 kΩ and a SCALE
of 12.67 for VBAT1 results in 66 kΩ for RD.

Table 4.  SCALE Value vs. Battery Selected

In Standby state, the A and B pins are connected to the
supplies through approximately 200 Ω each. The
switches that connect the resistors require about 3 V of
overhead. The B amplifier has a 7 V zener in series with
VBAT1 in the Standby state, so the A and B amplifiers
have a total of 10 V voltage drop from VBAT1 to the open
circuit voltage. When in the Standby state, much of the
internal circuitry is shut off to minimize power dissipa-
tion. The circuitry that remains active detects the loop
current, not resistance, and the detect level is set by

In terms of RD, the equation for RLTH in Standby state is

VLONG

VA VB–

2
---------------------=

IRSN
V RDC( )

RDC1 RDC2+
---------------------------------=

ILOOP
2500

RDC1 RDC2+
---------------------------------=

τDC

RDC1 • RDC2

RDC1 RDC2+
---------------------------------- CDC•=

Battery Selected SCALE

VBAT2 11.37

VBAT1 12.67

ILOOP

300
------------------ RD

VAB

BREF
----------------=•

VAB

RLTH RSL 2RF+ +( ) 300•
------------------------------------------------------------------ RD

VAB

BREF
----------------=•

RD RLTH RSL 2RF+ +( ) SCALE•=

RLTH

RD

SCALE
-------------------- RSL– 2RF–=

RD

915 RLTH 2RF 400 RSL+ + +( )

VBAT1 10–
----------------------------------------------------------------------------

RLTH

RD VBAT1 10–( )•

915
-------------------------------------------------- 400– 2RF RSL––=
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RLTH is chosen to be greater than the phone off-hook
resistance of about 500 Ω and less than the expected
leakage resistance of 10 kΩ, so it is desirable to set RLTH

at about 5 kΩ. Choose RLTH using the equation for Active
and OHT loop detect with SCALE value of 12.67 (VBAT1

selected) and then calculate the resulting threshold re-
sistance in the other states. RD must be greater than
56 kΩ to ensure that, at the lowest possible specified
Standby current, there still will be a detect. It is impor-
tant that the detect threshold is set so that a detect in
one state will be a detect in the next state, which is
done automatically in the Am79R79 Ringing SLIC de-
vice. From the example above, RLTH for Active VBAT1

was 5 kΩ with RD of 66 kΩ. RLTH for Active VBAT2 would
then be 5.6 kΩ from the equation using the SCALE for
VBAT2. For the Standby state, calculating RLTH using the
conditions stated above and a BAT1 of 70 V, results
in a Standby threshold of 3.7 kΩ; with a 50 V BAT1, it
would be even lower at 2.3 kΩ. In normal operation,
the linecard circuit state could go from Standby to Ac-
tive VBAT2. RLTH is 3.7 kΩ in Standby and 5.6 kΩ in Active
VBAT2, so there still would be a valid detect after the
state transition since the detect in Standby would have
to be 3.7 kΩ or less, and the 5.6 kΩ threshold in Active
VBAT2 would detect the load that is less than 3.7 kΩ. The
same is true going from Active VBAT1 to Active VBAT2; the
threshold goes from 5 kΩ to 5.6 kΩ, again ensuring a
8 Am79R79 Ringing
valid detect, and no possibility of oscillation exists be-
tween states. Upon the completion of the call, the line
goes to a high impedance, and the state would change
from Active VBAT2 to either Standby or Active VBAT1. Ac-
tive VBAT2 detects at a higher resistance than the other
two states, and thus prevents indicating an on-hook
condition while the other state indicates an off-hook
condition, again preventing oscillation between states.

ANTI-SAT CHARACTERISTICS
DC Feed characteristics are shown in Figure 6. With a
given loop current, the voltage across the loop can in-
crease to the anti-sat threshold value VASL for the low
battery voltage VBAT2, or VASH for the high battery voltage
VBAT1. Then the apparent feed synthesis loop gain is
increased and the apparent output resistance decreas-
es. The output voltage increases at a lower rate with
increasing loop resistance, helping to keep the amplifi-
ers in a linear region even though they are near the
supplies. The two battery voltages have a separate re-
sistor to adjust anti-sat characteristics: RRSGH to adjust
VASH, and RSGL to set VASL. RSGL sets VASL; however, VASH

is dependent on both RSGH and VASL. RSGH and RSGL can
independently connect to either VCC to decrease the
knee voltage, or to ground to increase the knee voltage.
RTRIP1

RTRIP2

CRT 1.5 µF

RRT2 12 kΩ

RRT1 (See Text)

RD (See Text)RD

|ILOOP|

300

I I

VBAT1

Ringing State = 1

Ring Trip

Loop Detect

15 µA

Current Mirror

I

Figure 5. Ring Trip and Loop Detect
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The low battery apparent voltage, VAPPL, is given by this
equation:

When in the resistive region, the current in the loop is
defined by this equation:

This equation is valid only in the resistive region, which
means RLOOP is sufficiently large so that the part is in the
anti-sat region, and ILOOP is less than the designed value
for the constant current region. When RSGL is connected
to ground to increase the knee voltage, VASL is given by
the following equation:

Typically, designs require a target value of VASL and
solve for RSGL, so rearranging the equation yields the
following:

When RSGL is connected to VCC to decrease the knee
voltage, VASL is given by the equation:

Rearranging to solve for RSGL gives this equation:

When RSGL is connected to VCC, it must have a value
greater than 100 kΩ.

VAPPH has the same form as VAPPL, as shown in the fol-
lowing equation:

Loop current in the resistive region is determined by this
equation:

VASH follows the equation:

The value of VASHH depends on whether RSGH is connect-
ed to VCC or to ground. For the case where RSGH is con-
nected to ground, the equation is:

Rearranging to solve for RSGH with a known VASHH gives
the equation:

ILOOP, mA

VASL

VASH

VAPPH

VAPPL
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Figure 6. DC Feed
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VAB, volts

VAPPL 4.17 V VASL+=

ILOOP

VAPPL

RDC1 RDC2+

600
--------------------------------- 

  2RF RLOOP++

-------------------------------------------------------------------------------=

VASL

1000 104 10
3

RSGL+•( )•

6.72 10
6

80 R• SGL+•
------------------------------------------------------------------=

RSGL

VASL 6.72 10
6

104 10
6•–••

1000 80 VASL•( )–
--------------------------------------------------------------------------=

VASL

1000 RSGL 56 10
3•–( )•

6.72 10
6

80 RSGL•( )+•
--------------------------------------------------------------=

RSGL

VASL 6.72 10
6

56 10
6•+••

1000 80 VASL•( )–
-----------------------------------------------------------------------=

VAPPH 4.17 V VASH+=

ILOOP

VAPPH

RDC1 RDC2+

600
--------------------------------- 

  2RF RLOOP++

-------------------------------------------------------------------------------=

VASH VASHH VASL+=

VASHH

1000 70 10
3

RSGH+•( )•

1.934 10
6

31.75 RSGH•( )+•
------------------------------------------------------------------------=

RSGH

VASHH 1.934 10
6

70 10
6•–••

1000 31.75 VASHH•( )–
---------------------------------------------------------------------------------=
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With RSGH connected to VCC, VASHH is given by the fol-
lowing equation:

Rearranging to solve for RRSGH with a known VASHH yields
the equation:

To calculate VASH, VASL must first be determined. As a
first example, the values of VASL and VASH with pins
RSGH and RSGL open circuit can be found in a straight-
forward manner. An open circuit is an infinite resistance;
substituting that into the equations gives VASL equal to
12.5 V, and VASHH equal to 31.5 V. VASH, as defined ear-
lier, is the sum of VASHH and VASL, so VASH is 44 V.

For a second example, assume a design needs VASL of
15 V and VASH of 40 V. Since VASL is increased, choose
the equation that has RSGL connected to ground. Solving
yields RSGL equal to 16 kΩ. As the resistance decreases,
VASL increases. The maximum VASL occurs when RSGL is
zero, which is 15.47 V. To calculate VASH, subtract VASL

of 15 V from the target VASH of 40 V to get VASHH of 25 V.
The minimum VASHH from the equation for VASHH with
RSGH connected to VCC is (with RSGH of zero) 1.42 V, so
the target is achievable. RSGH of 221 kΩ will achieve
VASHH of 25 V, so VASH will be 25 V plus 15 V or 40 V.
When decreasing VASL, RSGL must be 100 kΩ or greater.

BATTERY VOLTAGES
The Am79R79 Ringing SLIC device supports the se-
lection of two battery voltages. VBAT1 is always connect-
ed to the substrate and must be the more negative
battery with a value as low as –75 V. VBAT2 can range
from –19.5 V to VBAT1. Figure 7 shows the recommend-
ed configuration as well as the sense of the logic switch:
if B2EN is a logic High, VBAT1 is selected; if it is Low,
VBAT2 is selected. The diode isolation allows VBAT1 to
override VBAT2 when the internal switch closes. When
the switch opens, the diode to VBAT2 forward biases and
VBAT2 is applied to the circuit. When in the Standby state,
the Am79R79 Ringing SLIC device is internally con-
nected to VBAT1, so the selection of B2EN in the Standby
state is irrelevant; the part will always connect to VBAT1

to meet the open circuit voltage requirements for FAX
machines and MTU’s.

VNEG
The circuitry driven by VNEG includes a VEE regulator
which allows VNEG to be driven by any voltage between
–5 V and VBAT2. It must connect to BAT2 on the supply
side of the power supply diode because of the way that
VBAT1 voltage can appear on that pin as described
above. A resistor can be placed in series with the con-
nection to limit on-chip power dissipation with a value
chosen to be less than the voltage drop between BAT2
and –5 V with a 2 mA current.

LIGHTNING AND POWER CROSS 
With the higher magnitude BAT1 voltage that the
Am79R79 Ringing SLIC device allows, choice of a light-
ning/power cross protection device should be consid-
ered. The protection voltage should not be greater than
80 V to avoid exceeding the maximum limits of the pro-
cess. For battery voltages below 65 V, a protection de-
vice with a fixed protection voltage of 80 V would provide
sufficient margin for operation. However, above a 65 V
BAT1, this may provide little margin, and a protection
device that tracks battery and ground may provide a
greater margin of safety.

RELAY DRIVERS
The relay drivers RYOUT1 and RYOUT2 are provided
to allow the driving of up to 75 mA per driver to energize
a relay. To make these more versatile, the common emit-
ter connection of the drivers are brought out to a pin.
The drivers are transistors with internal snubber circuits.
If an application does not need the relay drivers, they
can be used to implement test functions as illustrated in
Figure 8. With the addition of the external diode and the
test load resistors, RYOUT1 is set up for loop continuity
tests and RYOUT2 is set up for a ground-key test.

VASHH

1000 2.75 10
3

RSGH+•( )•

1.934 10
6

31.75 RSGH•( )+•
------------------------------------------------------------------------=

RSGH

VASHH 1.934 10
6

2.75 10
6•–••

1000 31.75 VASHH•( )–
--------------------------------------------------------------------------------------=

B2EN

B2EN = H selects VBAT1

B2EN = L selects VBAT2

VBAT1

VBAT2

BAT1
(Most 
Negative)
BAT2

0.1 µF

0.1 µF To Circuitry 

Subs.

Figure 7.  VBAT1 and VBAT2
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Appendix 1 Design Example
The Am79R79 Ringing SLIC device has two current lim-
its that can be set independently. These user-defined
current limits are for the ringing feed and the DC loop
feed. The currents are set by connecting a network from
RDC to RSN for the DC Feed, and a network from
RDCR to RSN for the ringing feed. The equation that
describes the DC loop current limit is

For the ringing feed, the current is

The maximum value of ILOOPRING occurs when V(RDCR)
is at its peak value, which occurs at ±3 V. This current,
called IRINGLIM, is defined by the equation:

IRINGLIM is the current limited peak value of the ringing
current. To get the rms value, IRINGLIM must be divided
by the crest factor. 

Values for ILOOP and IRINGLIM must be chosen. A typical
value is 25 mA for ILOOP which gives a sufficient current
to drive a phone with some extra for leakage and com-
ponent tolerance. IRINGLIM can be as much as 100 mA
when a strong drive is required for ringing. For ringing
single phones, IRINGLIM can be reduced to 30 mA or below
for applications requiring a minimum current draw from
the supply. The ringing current limit should be set to at
least 11 mA per REN. Setting the current limit also sets
the Am79R79 SLIC device output resistance. Setting
the current limit higher than 11 mA per REN reduces
the output resistance but increases the peak current the
power supply must be able to deliver into a short circuit.
To minimize the size of CDC and CDCR it is best to make
RDC1 = RDC2 and RDCR1 = RDCR2. With the above values
and assuming 100 mA for IRINGLIM, RDC1 = RDC2 = 50 kΩ
and, RDCR1 = RDCR2 = 15 kΩ.

The time constant for the DC loop is

with the given values for RDC1 and RDC2, CDC = 820 nF.

This equation shows the ringing time constant:

Using a τRING of 100 µs, CDCR ≈ 12 nF.

RRT1 should be calculated from the equation for RRT1 on
page 5. The choice of IRINGLIM will have an effect on RRT1.
Any time the ringing current limit is changed, the value
of RRT1 must also be changed. The value of RRT1 also is
dependent on the chosen crest factor (CF), the battery
VBAT1, and the desired load at which the ringing will be
detected (RLRT). The ring detect threshold, RLRT, will be
the value at which the ringing is just detected. Since the
ringtrip is only lightly filtered, this detect will glitch, es-
pecially near RLRT. This value is typically chosen well
away from the resistance presented by an off-hook
phone, plus line resistance, plus fuse resistors. A phone
is specified to be no more than 430 Ω off-hook, and
the fuse resistors, plus line resistance may be a total
of 70 Ω or more, so 500 Ω is an acceptable number to
use. The ringing impedance of the load needs to be
taken into account when setting the threshold. If driving
a 5 REN load with a worst-case leakage resistance of
10 kΩ, then the ring impedance is about 1200 Ω. RLRT

should be selected about halfway between the off-hook
resistance and the ringing impedance; 900 Ω would be
a good value for a 5 REN load.

Table 5 shows three examples of ILOOP and IRINGLIM, and
shows the resistor values needed.

RYE

RYOUT1

RYOUT2

A

B

Figure 8. Using Relay Drivers for Test Loads
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ILOOP
2500

RDC1 RDC2+
---------------------------------=

ILOOPRING
V RDCR( ) 10• 00

RDCR1 RDCR2+
---------------------------------------------=

IRINGLIM
3000

RDCR1 RDCR2+
----------------------------------------=

τDC

RDC1 RDC2•

RDC1 RDC2+
--------------------------------- CDC 20 ms=•=

τRING

RDCR1 RDCR2•

RDCR1 RDCR2+
---------------------------------------- CDCR 15 µs to 150 µs=•=
Am79R79 Ringing SLIC Device 11



Table 5. Design Examples for Various Conditions 

RRT2 = 12 kΩ, CRT = 1.5 µF, VBAT1 = –70 V, CF = 1.25, RLRT = 900 Ω

Example I LOOP IRINGLIM RDC1 = RDC2 RDCR1 = RDCR2 CDC CDCR RD RRT1

1 25 mA 30 mA 50 kΩ 50 kΩ 820 nF 4 nF 66 kΩ 696 kΩ

2 25 mA 100 mA 50 kΩ 15 kΩ 820 nF 12 nF 66 kΩ 515 kΩ

3 40 mA 62.5 mA 31.5 kΩ 24 kΩ 1.2 µF 8.2 nF 66 kΩ 561 kΩ
If RDCR1 + RDCR2 is greater than or equal to 100 kΩ, a
single resistor can be used. The circuit configuration for
this case is shown in Figure 9.

For the ringing feed, the current is

The calculation of DC loop current and time constant is
the same as in previous examples.

IRINGLIM
3000

RDCR
--------------=

RDCR

RSN

RDC

CDC

RDC1

RDC2

RDCR

RRX, RTX have been 
removed for clarity

Figure 9.  Alternate Networks for Ringing and 
Loop Current Settings
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